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In a previous Study, subjects that: heard a monaurally 


‘presented two-clause sentence immediately followed by a probe word 
(identical word recognition) were faster at recognizing the probe as 


a sentence word with their leftfears than with their right ears. This 
result suggested that the right ear was particularly efficient at’ 
tran$formihng linguistic, auditory stimuli into an abstract 
representation of neanina. In a replication of this earlier tlie, 2 
college students completed either the task for identical word 
recognition or a task requiring semantic matching (saying a ae ene 
As predicted, the structural task produced a left ear advantage - 
similar to the earlier results, while the semantic task produced 4 
right ear advantage. Right/left ear reaction times varied as a 
function of both task and the position of the target word. Right ear 
responses exhibited particular difficulty with recognizing words in 
initial clauses, while the reaction times between the left and right 
ears for initial clauses did not differ in the synonym task. Left and 
tight ear reaction times were similar for recognizing words in final 
clauses; but the left’ ear was significantly slower than the right ear 
in the semantic matching of targe+ words in final clauses. These ear 
differences support the view that the human brain is functionally 
symmetrical for language processing functions. (Author/RL) 
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‘Ceretral Asymmetry for Aspects of Language Processing 
' ; ' \ ¥ aor 
Clinical and wxpevinenkal evidence suggests that the human brain is 
functionally asymmetrical. It appearp that the left or dominant hemisphere 
is particularly involved in speech and language and the right or nondominant 
hemisphere in nonlinguistic functions.2 This does not mean, however, that 
conmunication ‘behavior is neatly divided up between the two halves of the 

> Sealy sath verbal behavior contmplled' exclusively by the left hemisphere 

and nonverbal behavior by the right hemisphere. In fact, it is wel hows 
that the dorinant Hantechees 4s involved in vision, touch, and woten elite; 
and the minor hemisphere can pérform some language processing. William James 
(1890), who was well aware of the relationship between loss of speech and 
"left train" ‘injury, concluded his classic remarks on brain function in 

this way: "There is no ‘centre of Speech' in the brain any more mae there 
is a i of Speech in the mind. The entire train, more or less, ‘te 

at work in a man who uses language" (p. 56). 

But it is still not at all clear exactly which aspects of aighaietie 
analysis can and ‘wegularly do occur in the minor hemisphere. Tests of 
people with a split brain aes where the interhemispheric connection, 
the corpus callosum, ‘s severéd ) show some language comprehension in the 
minor hemisphgre, ranging from comprehension of single words to sentences 
: (Branch,, Milner, & Rasmussen, 1964; Gazzaniga, 1967; Gazzaniga and Sperry, 
19675, ees 1964; Wada and Rasmussen, 1960; Zaidel, 1973; for a recent 
review of this issue see Nebee, 1978). Researchers have also studied 
; normal males and females on tasks related to hendiapheris spositalieation. 

In,a recent review of this work, Goleman (1978) pointed out that adult 


females, more than males, appear to have verbal and spatial abilities on 


both sides of the brain. Sane studies suggest that in children, too, 


there are major sex and age differences in degree of laterality effects 


for language function (e.g., Bryden, 1967; Levy and Reid, 1976); although, 
this is nota consistent finding (Witelson, 1976). It 1s well known that: 
prior to puberty, damage to the_dominant hemisphere results in less severe 
disruption of language behavior tian after puberty (Lenneberg, 19675 
, Kinsbourne, 1975), a finding Sitch) has hee ab tplintied he plasticity of 
the hemispheres. Receht studies have attempted to measure the activity 

of the minor hemisphere during language proceSsing in normal subjects. 
Using sophisticated techniques for measuring brain activity, Roemer and 
Teyler en) observed the electrocortical responses of subjects while 
they heard and thought about the meaning of an ambiguous word, They 
concluded that: "On the basis of this electrophysiological data, the most 
parsimonious interpretation is that both hemispheres are involved in 

asi manner in the processing of linguistic information. This is not to 
say that the processing need be altogether similar in the 2 hemispheres" 
(p. 58). Other studies dealing with vistially presented words have noted 

a striking lack of hemispheric asymmetry (see, for eample, Bell, 1973; 
Friedman, Simson, Ritter, & Rapin, 1975a; Friedman et. al., 1975); 
Shelburne, 1972). It should be pointed out that based on their 
review, of many studies of evoked potential correlates of differential 
hemispheric processing of auditory stimuli (verbal and nonverbal ), Friedman 
et. al. (1975b) conclude that asymmetry of evoked potential components is 
not established. Finally, ir dives. contraek to a verbal/nonverbal 
division of labor beteen the hemispheres, Bever (1975) has presented 
“ppleence to eee for the position that ". . . it is the kind of DERCRCRANE 
that detamnine’ behavioral asymmetry, not the modality in which the HEeeeaS 


“ang is categorized (e.g., language, music, vision, etc.)" (p. 254). Taken 


¥ 


* 4 . 
together, these findings would caution us against any simple, dichotomous 

‘view of brain organization of verbal and nonverbal abilities. 

Some theorists have proposed that the left hemisphere 4s. ps Noilariy 
well suited for analytical processes and the right hemisphere for| holistic, 
structural tasks (e.g., see Bever, 1975; Bogen, 1969a & b; Galin jand 
Ellis, 1977; Lavyokerastt and Sperry, 1968). However, what is satisfactory 
about this dichotomy is that,, while it may ve essentially correct in its 
descriptionf it does not propose an. independent means for epee fying the 
nature of any Souples task, say, sentence comprehension, as | ytical or. 
holistic. Analytical and holistic are intuitive ee which, 

' to be useful, must be assessed independently of behavioral data. Otherwise 
the data and their explanation become circular. Moreover, eince sanbecce 
comprehension probably consists of domains os “Levels of processing, " it 
may well be an oversimplification to speak of sentence processing asa 
unitary left/analytic vs. right/holistic task. | | | 

Psycholinguistic evidence suggests that sentence hosenaind occurs 

over time, as the aa incoming signal is transformed into a semantic 
ssndsie Urabe sind Gael) 10721, Gealn Grd Telyine,, 1074 we nanyy there), » 
According to Craik ang Tulving (1975), during language @omprehension, a 

_verbal stimulus is processed in various qualitative ways—~structural, 
phonemic, and semantic--and it is encoded to a more or legs elaborate degree 
at each level or dgmain (Degree of Encoding Elaboration). They maintain 
that Me 4. retentdon depends critically on the qualitative nature of the 
encoding operations performed; a minimal semantic analysis is more beneficial 
‘than. an extensive structural analysis" (p.268). They suggest that the 

i a 


@ record ef the encoding operations carried out during 
a > 


memory trace is 


ae 


analysis of the stimulus plus the "features checked" during encoding. A 


greater number! of /features checked (especially semantic features) entails 


x more elaborate memory trace. 4 It would seem to follow that the “degree 


of encoding elaboration" re related to the functional organization of the 
brain. Indeed, studies. of electrophystclogical ROELVENy ‘of the brain 
show evidence for qualitative differences in processing as’ a function of 
time and brain structure.’ | 


¢ 


In their review of electroencephalographic measures of hemispheric 


" specialization, Donchin, MéCarthy, and Kutas (1977) write: "The ERP [event- 


related potential | ‘ie not a\ uniform entity. - The data accumulated over 

the past decade strongly supports the contention that the series of voltage 
oscillations, lasting eel hundred milliseconds after the eliciting 
event, represents a composite of largely independent components related to 
successive levels of processing within the nervous system (McKay, 1969; 
Donchin and pinaeley; 1969)" (p.214). Within the first 300 or so milli- 
seconds after the onset of an auditory event, the electrocortical response 
4s influenced: by a number of vatiables. At first it is influenced primarily 


by the physical or acoustic dimensions of the stimulus. Within the first 


~ 200 wilisedenda, the shape of the cortical waveform depends upon the 


modality (Goff, Matsumiya, Allison; & Goff, 1969). Sik 100 ei iuseande 
later, a component of the waveform with a latency of at least 300 milli- 


seconds is not modality-specific (Squires, Donchin, Squires, & Grossberg, - 


. ° F 
1977) and is rfot specifically affected by physical stimulus properties 


oi and Donchin, 1976). This later component, called P300, seems to 
~ affected by information processing activities related to task demands. 


Speaking of the components of the electrocortical configuration, Donchin, 
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McCarthy, and Kutas (1977) ea 


It is evident that the’ ERP represents progressive stages of analysis 
of the stimulus event. The earliest components appear to faithfully 
“4ndex the quality of the stimulus event and are stable over a range 
of psychological manipulations; hence their usefulness in ERA and 
neurological diagnosis (Starr and Anchor, 1975). With inereasing 
latency from the event, the ERP components reflect more complex 
aes tas of the stimulus in a psychophysical and a psychological 
sense, ce aoe the P300 as > aie is independent of stimulus 
characteristics except in how they affect the Peyenelogred se ae 
of the event, (pp. 215-216). eS mec 
The foregoing neurological and paycholineut atte evidence cieaply implies 
that sentence processing is likely to elicit a range of neural activities 
and ‘behaviorst results. Roemer and Teyler (1977) proposed that: "... 
early and seca components may be ‘dissociated, with the ny components 
more sensitive to ‘sensory aspects of linguistic stimuli and, late components 
more responsive to semantic aspects" (p. 58). “4 
Brown, Marsh, and Smith (1973) showed that when the same physical 
‘occurrence of an auditorily presented seers word (e.g., the word "fire") 
unos perk in different phrases that brought _¢ out its various Ronee! 
sitraate paOns ape different electrocortical waveforms as a binetton of 
the word's meaning. Moreover, these differences were greater for left 
hemisphere recordings than for tpt (also, see Chapman, Bragdon, Chapman, 
& McCrary, 19773 Teyler, Roemer, Harrison, & Thompson, 1973; Marsh and 
Brown, 1977). Honciitn: McCarthy, and Kutas (1977) point out that there 


is evidence for a systematic relationship between brain structure, linguistic 


e 


structure, and task denands, as observed in various siacireuictioal neasiires, . 
such as P300 components, their amplitudes, and their latency. In this. same 
connection, various psychological studies of choice reaction time (and/or 
retention) show that the nature of the task (e.g., classifying each letter of 
a word as a consonant or a vowel, deciding if two nan are physically 
identical, saying a sentence that is genantically related to a ‘Mibihin 
_, sentence, deciding if a probe rhymes with any word in a sentence, menor ning 
‘sentences ) and the structure of the linguistic stimulus are intimately 
related to reactfon ‘time and: retention of the test materials ( Craik and 
Tulving, 19751 Green, 1975; Mistler-Lachman, 1974; Shulman, 1970, 1974). 
At Ge same time, we know relatively little about the. relationship between 
functional brain Sure rine, Linguistic Synueune; ait task requirements. 
‘The purpose of the present study is to learn more about Hfow the two sides x 
of the intact, adult train differ in ‘ae sentence, processing, 1.e., 
processing that goes on during and sneeatates after a sentence is heard. 
More specifically, the right hemisphere is eonered to the left with two 
tasks--one which requires a same/different judgment ee a structural 
‘match) and the other which requires additional genantic processing’ (presun- 
ably a conceptual match). 

‘ At present much of the behavioral evidence showing asymmetry of 
languhge function between the ei comes from the atone listening task | 
(Kimura, 1963; Ingram, 1975; Knox and Kimura, 1970; Bryden, 1966, 1967; af 
others). In the dichotic listening task the subject h ee patteeely 
auditory atinuld simultaneously in both ears and is add to recall as 
much as possible. Typically, adults do better with ver stim in the | 


right ear and nonverbal stimuli in the left, which has ¢g nerally been 


s 


interpreted as evidence for laterality of laneige eiaattoh, The’ findings 
from the dichotic listening task fall short, however, in at saat three 
ways: (1) tirey establish evidence for lateralization of language function 
under highly specific circumstances which aay rely upon sounetitton for » 
~ attention ina limited capacity eysten (Broadbent, 1962). That is, we may - 
be learning more about attention mechanimg,than language processes ber s¢ se 
(see Kinsbourne, 1970, for his attentional model of asymnetry; also, Allport, 
Antonis, & Reynolds, 1972) (2) we do net know from the dichotic listening 
task exactly which levels or domains ae peeotee spoteuaine (Craik and 
lockhart, 1972; Craik and Tulving, 1975) are more efficiently carried out. 
in the dominant hemisphere compared to the minor hemisphere (see Haaland, 
1974); and (3) the wvtanion does not inform us on the question of how much 
processing can be accomplished by the minor hemisphere. It is worth noting 
that Braine (1967) has discussed the conflicting sets of data obtained with 
visual stimuli presented unilaterally (1.e., separately to each visual 
field) versus bilaterally (i.e., simultaneously to each visual field); 
various studies found that subjects showed better recognition (of letters) § 
in the right aa field with unilateral peeawiratten (Mishkin and Forgays, } 
1952) and better Hacneritton in the left field with bilateral presentation 
(Heron, 1957; Bryden and Rainey, 1963; Harcum, 1964; Kimura, 1959). The, 
suggestion here is that unilateral: dnd bilateral conditions may be meee 
by different mechanisms. We paad to collect data on brain structure aa 
language processing with monaural (one ear at a time) as well ‘as ‘dichotic 
procedures, just in case there is an interaction between the conditions of 
testing and the subject's performance. ; 

When subjects are presented with linguistic stimuli in one ear at a 


time, we get some idea of the capacity of each ear/hemisphere system for 


| 


procesting language (Frankfurter and Hoeck, 1973). With such monaural 
‘presentation, some evidence suggests that the dominant ae is particularly 
sensitive to sentence: structure. for instance, Bever (197%) reported an 
asymmetry of the ears for the immediate processing of sentences but not 

lists of words. ‘Subjects successfully recalled more sentences heard in — 

the right ear than the left. ‘In addition, he found’ that when subjects tiesat 
various aenbones forms (e.g., active, passive, negative, question, negative 
passive, passive question, negative passive question) in the right ear, they 
show fewer sieaning-chinsine syntactic errors ‘han for sentences presented 

to the left ear. Bever concluded that ". .. the: doriinant ear is more 
directly: involved in.the processing of the syntactic and semantic wabedba 

of speech and that its involvement qualitatively rials perceptual judgments 
and immediate recall" (p. 14). Shedletaky . (1979) ‘reasoned that right after, 
a sentence is heard ‘athe right ear it is more fully processed than right 
after it-1s heard in the left eyo te Melee that Craik and Lockhart 
(1972) and Craik’ and Tulving (1975) suggest that a more fully (or elaborately) 


mere sentence implies a greater degree of semantic ansivaie: They add 


“that, "since the organism is normally concerned only with the extraction 


of meaning from the stimuli, it is advantageous to store the products of 
such deep analysis, but there-is usually no seat to store the products of 
preliminary analyses" (p. 675). Hence, information concerning the exact - 
. words of the just-heard sentence may be less available in the dominant 


hemisphere than the minor hemisphere, That 1s, if the subject 1s required 


to retrieve information about the surface structure of a sentence right after . 


the sentence ends, for example, whether or not a particular "word" (1.e., 


its auditory representation) occurred in the sentence, then the subject 


8 - 


a = | ‘en _ ‘. - 
should have more troutle with sient ear than left ear presentations. . 

In line with this idea, it was found that presentation of the sentence 
to the left or right ear did Have a reliable effect on neantlon time in ar ; 28 ‘ : “ 
probe recognition task (Shedletsky, iso) Gh thetanmacer wublecteteae: ic 
wi ei Pieahiny longer to recognize a probe-word from a sentence heard “in 
the right ear than a probe-word from a nentbnice heard in the left ear \. 
Geventinde of which ar the probe-word was heard'in), If the left ear, 
advantage in this simple, word-recognition task'was due to the minor 
hemisphere's ability to process structural aspects of stimuli (1.e., corres * * 
sponding to the early components of the EEG with a relatively short latency), : 
then a task rehdeing semantic analysis of the aectaiee and the probe-word 
may produce different results between,. the two ears; namely, a semantic 
task requirement cought to bring out a right ear advantage. (Nebes, 1978, 
has discussed recent evidence hich bears upon cerebral asymmetry for _ 
structurdl and conceptual matching). This study tests the idea isk) thee 
recognitign will produce a left ear advantage.and nannies matching a 
right ear advantage. , | 

Finally, I want to discuss some ehavadtertetine of weiteues processing 
which have been well documented and which = interact with ear presenta- 
tion and task demands... A factor which affects the accessibility of a word 
4n a sentence just heard is its Location in the sentence structure 
(Shedletsky, 1975). Many studies of scubanae processingaive been interpreted 
to show that sententes are processed clause-by-clause (Abrams, 1973; Bever, 
Garrett, & Hurtig, 1973; Bever, Lackner, & Stolz, 1969; Bovey Kirk, & Lackner, 
1969; Caplan, 1971, 1972; Fodor and Bever, 19654 ‘Garrett, Bever, & Fodor, 
1966; Holmes and Forster, 1972; Jarvella, 1970; Jarvella and Herman, 1972; ‘ 

: : 


Wingfield and Klein, 1970).- In addition, it has been found that for a 


+ 
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-two-clause sentence, 4nitial clause words are less accessible ‘than final 


clause words, independent of serial position within the. sentence (Jarvella, 


: 4970; Jarvell.and Herman, 1972; Caplan, 1971, %972).- This finding supports 


_the idea that initial clauses are assi@fed meaning before final clauses are 
pscigned meaning; moreover, that results of preliaitiary analyses for initial 
GLauEs words are less secwagi ble than. for final clause wenie, i may 
expect, then, that in a word-recognition task initial clause words presented 
to ths right ear, (which is especially efficient at assigning meant) will 
cause greater, difficulty than any.other clause position/ear orientation, 
In fact; Sedletsky (1979) found evidence for this clause position ty ee 
interaction. . But, we may. expect that in a “hak requiring a semantic match, 
initial clause, wondle presented i the sabia eay ‘Gihdich is not efficient at 
assigning meaning) will cause eibicieie F attftoulty than any ethan clause a, 
position/ear orientation. 

To sum up, it has been aeenbsed: ‘that the right ear Nee differ from 
the left ear in the depth of analysis (or "degree of encoding elaboration" ) 


for innedi\te sentence processing. ‘Asa a the exact words in right... 


Nag sentences will be less readily available one left ear sentences. At ’ 


id 


Subjects: 


ks same time, the meaning of right ear seutenoed will be more pexthiy 
stadiatite than left ear sentences. This difference will show up in faster 
reaction time to left ear presentation in a same/different structural task 


and faster reaction time to right ear presentation in a semantically f 


_ oriented task. These differences by ear and task will be sensitive to 


sentence structure. 
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Zt Method 
/ 


The subjects were twenty volunteers at the Stamford Campus of the 


+ 


Pak 
OS 


University or Connecticut (six males and fourteen females). 


-  .  Materfals 


e 


There were eight: two-clause test sentences, heterogeneous as to 


word consisted of. between nine and eleven monosyllabic words (wi 
exception of two disyllabic target words) it was: either a main: 


subordinate clause, in initial or oe clause position, The serial 


i 
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right handed and native speakers of English with normal hearing. 


12 


Subjects were 


semantic content. In each test senténce, the clause SOA MEE the target 


position of the target word ranged fron one to eight syllables from the 


beginning of the clause. ‘The following is an example of two initial clause 
and two final clause test sentences (the target ford is underlined) 


1., It was me to often speak to you, though the telephone pill a 


2 ridiculously high.” 


: 2e While the large couch or tie small chair must be moved, the rest 


of the furniture can en; jist where it is. 


3. The new girl was a whiz at reading, writing, and arithmetic, while 


the new boy could not write or speak well, 


“4, When the boss came into the room, Jack glanced quickly at the work 


he had done. 7 ae 


Thirty cs Gelb sentences were constructed. Six served as practice 


sentences, thie subordinate-main and three main-subordinate sentences. 


“13 «+ 


each-clause order (subdidinate-main and main-subordinate), one probe was 
from the ‘beginning of the sentence, one was from the end ‘of the erbansa: 
and one was semantically unrelated Mo theesentence words. The remaining — 
24 sentences served as filler sentences to ‘provide semantically malate! 
& (irrelevant ) probes and to vary the serial: position of the target ‘ara, 
The filler sentences. connate of 12 subordinate-main and 12 main-subordinate 


/- 


4. 


13 
sentences. For each clause order, four probes were from-an extremely 
early position.in the sentence, four were from an extremely late position, 
and four were unrelated to the re words, 
Design | | 
The désign was a 2 x2 X 2 analysis of variance having 2 ‘between- 
subject and 1 within-subject variables. The betteen-subject variables 
were Ear (sentences icoauukae’<o the right ear or the left ear) and Task. 
' (Adentical word-recognition vs. Bay-a-synonym). The widiineinihsedt variable 
was Clause Position (4nitial vs. final). . 
The presentation tape was constructed in the following way. Within | 
uals Wale GE the diet (abe) there waean Sina wiabée of mveingten 
main and main-subordinate order test sentences, with one target word from 
an initial subordinate clause, one from an initial main clause, one from 
a final subordinate clause, and one from a final main clause. " Within these 
limits, test sentences were randomly ordered. An equal number of subordinate- 
Panes we and main-subordinate filler sentences occurred in each half of the list, 
with an equal number of relatively early, late, and unrelated targets. The 
order of the test sentences and fillers was constant for all conditions. 
Subjects were randonly assigned to conditions (left ear/synonym, left ear/ | 
word-recognition, ‘right éar/synonym, right ear/word-recognition). 
Apparatus . - : | ‘ 

The list of sentences was tape recorded by.a male Standard American 
speaker. ne and test sentences were recorded on one channel in a 
monotone ‘(an oscillator aided in keeping pitch constant) an attempt 
to reduce clause boundary juncture. Sentences were recorded in this’ way 
to encourage subjects to segment the sentences according to syntactic 
knowledge rather than intonational cues. Probes were recorded on a second 


14 a 4 
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channel, The interval. between the end of. the last word of the test sentence 
and onset of the probe was approximately aneuthind of a second. 
, Sentences and probes were peeaented auditorily to subjects with 
a Lave recorder and .stereophonic headphones. Onset of the probe activated 
a voice operated relay which started a millisetond lanes The subject's 
spoken response stared the timer via a microphone and a second voice. 
operated relay. - ; Le ‘“ 
Procedure © i es , ; \ . 
Subjects were tested individually in an item-recognition task which 
will ‘ig called "identical word-recognition," or a modification of that 
task, which will be called a a a "In both tasks the subject 
was presented with the same tape Hescniinds so that on each tial the 
aupseck heard a sentence immediately followed by a probe ‘word. In the 
identical voxdsxecdenttion condition, the subject was instructed to say 
"Yes" if the probe Was present ,in. the sentence (i.e., the identical word) 
na ce if it was not. In the Sa y-eraynonya condition, the subject was 
seated to"... saya word that means approximately the same thing 
as the word that comes after the sentence, when it [the probe} was. a 
word that atiwadlis occurred in the sentence." If the probe word didn't 
occur in the panibainey “thes the subject was instructed to cay "No." Speed 
and accuracy of ee were encouraged. 

Half of the subjects in each task heard ‘the sentences and probes in 
the left ear and half in the right ear. Renotion time was neared from 
the onset of the probe to the subject'sgresponse. The experimenter also 
recorded the word(s) spoken by the subject in his/her attempt to produce 


a synonym. 


kao, 3 a4 se 13 
Results . 
Each subject contributed 8 data points. Out of the overall total of 

160 data points: some were nissing due to equipment failure (5 instances), 
no response after a ceiling br 2.5 seconds (5 instances), responses 2: or." 
more standard deviations from a subject's mean recognition teieaey for 
test senbeanes (1 instance), and/or errors (8 instances), If 3 or more of 
“a subject's 8 data points were missing, that subject was replaced. Three 
BURIEGKE were ical ‘and their data excluded from- -further_analysis. 
Recognition tabanesy data for error trials (5%) were not;included in. the 
subsequent analyses. Missing data were not srepilucwas) tnstead, the condition 
with the largest number of missing data was used to éxtntlach the nunber 
of scores per condition, which was 13 scores for each combination of ear, 
task, and clause position. Hence, some scores were rendouly excluded from 
each of the other conditions. It is worth noting that all 8 of the errors 
“and 4 out of 5 "no responses" (i.e., 2.5 seconds elapsed) came from initial 


clause targets. 


od 
4 


The "synonym" responses were scored on a lax basis. Only 1 response, 
a was actually an antonym, was scored as an error; all others were 
accepted, even though they often bore a family resemblance to the probe 


rather than a synonym relationship (see Table 1). 


* , insert Table 1 about here 


The mean reaction time was computed for each combination of ear (right 
/ 
vs. left), clause position (initial vs. final), and task (identical word- 


recognition vs. say-a-synonym), as shown in Table 2. The task and the 


Insert Table 2 about here — 


clause position of the target word had sizeable effectson reaction digay 
Overall, subjects took 671 milliseconds longer to eay-a~syndriyn" than to_ 
indicate whether or no the pro apna 4a the sentence just heard. For 
sentences heard 4 the left ear, subjects ae 842 milliseconds longer to 
"say-a-synonyn"” than to say, that the probe word occurred in the sentence; 


for right ear presentation, suble ects, al milliseconds ONES: to "say- 


a-synonyn" ‘than to indicate presént sinée: “@f., the probe in the sentence, Table 2 
J BH At aan - 
shows aha the right ear took 176° niltiseconds longer than the left for 


°'¢ 


identical ‘vord=recognl bien and 166 milliseconds less than the left to “say- 
a-synonyn," “Initial clauses produced longer reaction meet than final clauses 
; for all comparisons; but clause position was warntoupand with serial position 
. from the sia ot the sentence. In the identical word-recognition task, 
reaction time for initial clauses in the right ear was 240 milliseconds 
greater than for the left ear, as shown in Fig. 1. en in the synonyn 
hae right ear presentation resulted in a 71 millisecond shorter reaction 
time than for left ear presentation (of initial clauses), 

An sinlvake of variance was performed to nabans the significance of 
these observations and to test for interactions. Two reliable main effects 
were found: Reaction time for the identical word-recognition task was 
significantly faster than reaction time for.the "say-a-synonym" task 
[F(1,8) = 124.3, p<. 01 .' Additionally, initial clauses produced long- 
er: reaction time than final clauses | F(1,84) = 9.2, p=. 01] ‘ 

A significant. interaction was found for Ear (left vs. right) and 
Task (identical word-recognition vs. say-a-synonym) [r(1, 84) = 6.7, pa. 05} ‘@ 
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When subjects had to indicate’ whether a probe word ocurred in a sentence 


just heard, they produced longer reaction time to right ear than left ear 
eedeuntation, The reverse coelrred when subjects said a synonym for the - 
probe word; here, right ear presentation produced shorter reaction time 
than left. ee ve, 

The effects of Bir, Task,’ and Clause Position are shown in Fig. 1. 
It is clear that the increase in reaction time for initial right ear targets 


4 “} 7. 
compared to’ left ear targ is greater for the word recognition task than 


for the synonym task. This observation was tested with the Wilcoxon matched- 

pairs signed-ranks test, using individual subjects" reaction times as single 

Recents determine if the mean reaction times appearing in Fig. 1 were | 

significant. The difference between right and lef ear initial clause targets 

in the word-recognition task was significant (T = 28, N= 16, pa.05, two- 

tailed). The difference between right and left ear initial clause targets 

in the synonym task, however, oe not significant (T= 42, N= 12, p>.05, 

two-tailed). Conversely, for the synonym task final clauses in the left ear 

compared to the right ear show a significant difference in reaction time e 

(T = 32, N= 17, p<. 02, dvexstadiied Sy tak th ele weeteneheenttton baa) 

final left and right clauses do not differ significantly (T = 46, N = 18, 

p.05, two-tailed). a 4 
In sum, the’results support two main Sonelinetatie of interest. First, 

the left ear is faster than the right at finding out whether or not a 

probe word ocourred mt a sentence just heard; conversely, the right ear is 

faster than the left. ps saying a synonym for a séntence word. Second, the 

right ear has particu%ar difficulty with initial clause words in the word- 


recognition task; in the synonym task, on the other hand, the reaction time 


did not differ between the left and the right fr for initial clauses. For 


final. clauses, howeyer, the left ear does not differ from the right ear in 


speed of word-recognition. 


But the left ear is significantly slower than . 


the right in saying-a-synonym for final clause words. . 


= : 
The main reason for carrying out this ane was to explore the. 

idea that the minor hemisphere can perform as well as the dominant henisphere : 
on some tasks involving linguistic stimuli and that the two hemispheres 
would differ according to the task demands. It was thought that the minor 
heahetinny would do well on wtruptinal analyses and the dominant ee 
““ would do well on conceptual analfses. This idea grew out of an earlier 

study, Shedletsky (1979), in which it was dénonstrated that, in an identical 

’ word-recognition tack; when subjects hear a complex sentence immediately 

followed by a probe word, (1) uipaudaaba latency is shorter for left ear 

"ibe right ear presentations; and (2) there's a statistically significant 
interaction for clause position by ear: initial clauses heard in the right 
ear produce a longer reaction time than for any other ear/clause position 
combination. Initially, these findings seemed surprising, since, ordinarilly, 
with many sinters” speech presented to the right ear is. reported faster b 
and with greater accuracy than speech presented to the Jeft ear. “But the 


longer reaction‘time for the right ear was accounted for by assuming that 


’ 


ite efficiency at transforming linguistic atfauis into a semantic represen- 
‘tation was a deficit in a task which required matching for identical physical 
dimensions. It was proposed that by the time the prettie word was heard 

in the right ear, the sentence items were recoded and preliminary analyses 


discarded. On the other hand, it was supposed that the left ear benefitted 
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from its deficiency at semantic processing. Since the left ear was not 
effictenct at semanvic recoding, the internal representation of the sentence 
closely resembled the seicdibeis sentence when na Brobe: word was heard. To 
’ ‘test this idea, the present study attempted is replicate the earlier. study 
and to find out af the main effect for ear of ici aici is neutralized 


~ 


or reversed with a task that requires semantic processing. . Hence, the 
JAsntine? word-recognition na in the eaten study is a replication of ee 
earlier study. The say-a-s ynonym task was designed to. test each ear/heni- - 
sphere's ability to search for a word(s) that would be equivalent. in meaning 
to the target word, | ; | oe . 
The results from the identical sondopeccnmetan task are in seeisl 
agreement with the earlier findings. Left ear reaction time is faster 
than right ear reaction time; and the initial clause heard in the right 
ear produced longer reaction time than any other ear/clause position 
combination. | 
Although it is unusual to find a left ear advantage in a task involving 
linguistic processing, it now appears that the word-recognition task used 
here can be performed more lay by the minor hemisphere than the dominant 
hemisphere. This finding is consistent with ae position that right and 
left hemispheres ought not to be eucaled as nonverbal and verbal, respec- 
tively, but rather as differing in the specific cognitive operations each 
does best. | 
The say-a-synonym task 18 a further test of this proposal. When 
subjects had to decide whether the probe word occurred in the sentence, and, 


An addition, had to say a synonym for it, the left ear advantage disappeared. 


In contrast to the word-recognition task, in the synonym task the right ear 
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was significantly faster than the left, suggesting that the right ear is 
especially efficient at performing the conceptual aspects of the task, 
| Moreover, in agreement wuth this interpretation, initial clauses heard 
ay the eee nie tek lotent tenn altbalt-clsupen hebecdn tae ebent ear 
for the synonym task; this was opposite to the findings for word-recognition. . 

Since thé left ear does relatively poorly at assigning meaning to 
linguistic stimuli and since initial clause items are harder to retrieve 
(iki Wiad hanna: Stowe, Vw Veee eae ayete Hee epegial difficulty find- 
ing synonyms for initial aieies words. The right me system; on the other 
hand, functions well at transforming linguistic stimuli to a semantic read- 
ing, and therefore does particularly well at a semantic match. 

The idea that the right ear shows an advantage over the left for . 
semantic transformation of linguistic twats gains support from a memory 
study ( , urter and Honeck, 1973) which varied semantic well-formedness 
(m vs. anomalous), syntactic structure (tht aeenching vs. 
self-embedded), and monaural icaeatial (right ear vs. left ear). Subjects 
heaxi sentences followed by a number counting delaywtask, and then they had 
to recall the sentences. The right ear produced better recall for content 
words (in sentence order ) than the left; however, when order of recall was 
ignored, the difference between ears did not reach significance. Most 
‘importantly, when protocols wete scored for meaning preservation (proposition 
recall), the right ear was superior to the left. Since no interaction was 
found fot ear by eeaaniie qe ceremminees (regular vs. anomalous sentences), 
‘the evidence does not support a strictly dichotomous view of hent spheric 
specialization. 

In short, it appears that the right ear performs better than the left 


2] 


at manipulating the meaning of Jinguistic stimuli, while the left ear 
performs better than the right tn a simple choice reaction time--a 
sane/Aifferent judgment for words. These ear differences are plainly 
“tn line with the clinical and experimental evidence on brain asymmetry 
reviewed earlier in this paper. Moréover, these results suggest that, 
pehavioral dats Sensis conforn to some Puaings obtained with electro- 
cortical neasures, and they underscore the need to-test the ears monaur- 
~ ally (1.e.,. separately) as’ well as dtohovioaliy (i e:; simitaneously). me 
These results lend credence to the suggestion that others have ae owe ; 
ly, that the whole brain takes part in language behavior (e.g., Bever, . 
1975; James, 1890; Roemer and Teyler, 1977). Witelson (1976) has e¥@h 
gone so far as is suggest that the minor hemisphere's Anvolvenent in 
structural, spatial functions may be especially important in reading. In 
order to learn more about the simultaneous functioning of the two hemispheres 
and their integration of information, we sake be study varfous tasks which 


separarately and jointly place specific task demands upon the two hemispheres. 


~~ 
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, Footnotes 

Ithis research was supported by a grant from the University of 
Connecticut feesarals Foundation. The author benefitted from helpful 
discussions with Robert Crowder, expecially during the early, stages of 
this work, Marilyn Dueker was extremely generous in helping with the 
statistics.. Also, thanks to Michael Solomon for his work in collecting 
the data for this study. . 2 

2iiormally, one hemisphere in the adult brain is dominant in the 
processing of speech stimuli (Bever, 1970; Buchsbaum and Fedio, 1970; 
Gazzaniga and Hillyard, 1971; Geachwind, 1965; Hecaen and Ajuriaguerra, 
1964; Kimura, 1967; McAdam and Whitaker, “1971; Milner, 1962; Morrell and 
Salamy, 19715 Hountenatley 1962; Neville, 1974; Teuber, Battersby, and 
Bender, 19603 008, Goff,.and Day, 19715 Zangwill, 1960). 
3It has been estimated that the left hemisphere is dominant for speech 
in approximately ninety percent of right handed adults and sixty percent of 
left handed adults .(3ranch, Milner, and Rasmussen, 1964; Bryden, 1965; 
Kimura, 1967; Satz, Achenbach, Pattishall, and Fennell, 1965). All the 
studies discussed in this paper used right handed adults; therefore to 
simplify natters, we shall speak as if the left hemisphere is dominant for 
speech, Since each hemisphere has a functionally primary neurological 
connection with the contralateral ear (right ear to left hemisphere, left 


been referred to as dominant and the left ear as non-dominant. 

*eraik and Tulving's Degree of Encoding Elaboration bears some similarity 
to William James' distinction between knowledge of acquaintance and knowledge 
about ; James Aiscussed a relative distinction in the degree of operations 7 


performed upon incoming (nervous) signals resulting in more and less 


connection® (relations) between it and other sensations and ideas 


Be) | 


(see James, chapters VIII and XVII, 1890). 

Dan addftional analysis of variance was performed in which missing 
data were replaced. Missing data were estimated from row and column scores 
(see Winer, 1962, pp. 487-490). The results obtained in this way were . 
nearly identical to the results obtained by not, replacing missing data. 

A main effect “vas found for Task Tru, 134) = 204, pe .01| ; and a main 
effect was found for Clause Position F(1, 134) = 11.76. pee.01|. The 
interaction for Ear by Task ws also significant [F(1,134) = 9.76, pel]. 
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Table: 1 En S. : 
Responses in the Say-a-Synonym Task as a Function of Presentation Ear, Probe 
Word, and Clause Position of the Target Word 4 ai | 


- Initial Clause Target .Final Clause Target 


Subject clowns often chair speak beer quickly sliced soon 


Left Ear 
Z nines x seat talk liquor fast cut now 
2 funny- frequent- xX talk brew oe cut now 
men ly m 
3 character quickly seat talk alcohol fast MN xX 
4 *fanny- frequent- seat talk “X  . speedily cut x 
‘ men Ly ; . 
5 « jokers x couch talk alcohol fast cut X 
Right Ear 


. steeple ei teri elit deine = 


_6 funny seldnm* seat talk alcohol fast , cut immediate 
7 people lot sofa talk alcohol -fast chopped recently 
moe 8 funny-~—-frequent=.seat ‘talk alcohol hurried=cut._quickly. 
people ly ly ? ‘ . 
9 fools xX seat talk alcohol fast cut quickly 
—_ 10 funny- frequent- seat talk Miller fast chopped x ~ 
* _ men ly : 
: ‘ 
*. Note. X= an error (i.e., a "No" response, or no response); M = équipment failure, 


®»seldom" was the only response offered as a synonym which was scored as an error, 
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Table 2 
Mean Reaction Time (in Milliseconds) as a Function of Presentation Ear, 
Task, and Clause Position of the Target Word 


Left Ear Right Bar 
Clause Position Identical onynm Identical Synonym 
Initial 482 1309 722 1238. ‘ 
Final. 363 - $224 475 960 
Task Mean 423 1265 599 1099 
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Eig. 1. Reaction time as a function of the ear hearing the sentence and 


’ the probe word, the clause position of the target word, and the task. 
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